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AUTHOR Matthew Williams 
I h•V' ju" completed my fr"hm"' Y"" m•joring in 
Music Education and Music Performance on French Hom. 
I am also enrolled in the Honors Program. After college I 
plan to teach high school band and, after earning a gradu-
ate degree, I would like to begin teaching at the university 
level. My dominant interest is music, whether it be listen-
ing, performing, or creating. I am involved in several en-
sembles at UK, including the Wildcat marching band, 
Symphonic Band, and Symphony Orchestra. 
This project has helped me to gain an understanding 
of acoustics and the science of music that many other teach-
ers do not possess . It was unlike anything I had under-
taken before. The depth and follow-through took a large 
amount of motivation and energy. Dr. MacAdam was very 
understanding and helpful in my work on this project, and 
was never hesitant to take a moment of his time to sit down 
and help me. 
Dr. Keith B. MacAdam, 
Professor, 
Department of Physics and Astronomy 
This work was proposed and carried out by Matt Williams in connection with 
an experimental course "How Things Work," A&S 100-401 , first taught at UK in 
Spring 2003 . The project is a signi fican t miniature of experimental scientific 
investigation in architectural acoustics, and it was done with only distant advice 
and supervision by me and with the Joan of a small piece of equipment from the 
Department of Physics and Astronomy. In class, the nature of sound and the 
physics underlying music and harmony were among the topics discussed, catching 
the interest of several students. Mr. Williams was a freshman, and his technical 
and mathematical background for this study were accordingly limited. Conse-
quently, some aspects are missing that would be necessary for professional re-
search. But it is superb as a student investigation in the context of a 100-level 
class, and it could represent a pilot study for a new extensive - and expensive 
- profe sional acoustical study of the SCFA Concert Hall. With proper follow-
up there could be significant benefits to the Singletary Center and its patrons as 
well a to Mr. William . I am delighted to give it my endorsement. 
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The objective of this project was to find the best 
seat in the Concert Hall of the Singletary Center for 
the Arts, here at the University of Kentucky. While 
subjective factors often determine a patron's favor-
ite place to sit, I decided that an objective scientific 
approach could prove useful when I, or anyone, 
next attended a concert. Using only a keyboard 
amplified by speakers placed at center stage and a 
sound level monitor, I measured separately the vol-
ume of six different frequencies (at intervals of an 
octave) at twelve different seats throughout the Hall. 
Defining the best seat as the one at which all fre-
quencies would have the most consistent volume, I 
then averaged and compared the data. Somewhat 
to my surprise, the "best seat" turned out to be near 
the middle of the auditorium, with the next two 
being in the front and in the back. This project, 
although simple in nature, might provide insight 
into the acoustical tendencies of the Concert Hall 
and enable audience members to enjoy the best 
musical experience possible. 
w.en first given the opportunity to complete project in the experimental course "How 
Things Work, " I immediately began to think of some-
thing I could do that could have a practical use ei-
ther for others or myself. I also thought it would be 
nice if I could work it into my field of interest -
music. The resulting ideas dealt largely with the 
field of acoustics and, thus, my thoughts turned to 
the Singletary Center Concert Hall. As an audience 
member at numerous performances in the Hall, I 
have often wondered where exactly the best seats 
were. Many of my fellow musicians and I felt the 
best seats were generally in the back, but the ticket 
office prices would suggest otherwise. This assign-
ment provided me the opportunity to get a rough 
idea of what the true answer was. 
Before proceeding, the concept of an octave 
should be explained. For those unfamiliar with 
music, an octave is considered the most perfect in-
terval, both because of its musical harmony and 
the purity of its sound waves. The range from C to 
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C is an octave, from F-sharp to F-sharp is an octave, 
and so on. From a scientific standpoint, as will be 
explained shortly, octaves blend easily because the 
wave patterns of the two notes fit nicely into each 
other, creating a pleasing sound to the ear. Keeping 
this in mind may help to understand the reasoning 
behind some of my decisions. 
The first task was to decide how exactly I would 
define the "best seats. " One could listen by ear, but 
this lacks scientific objectivity and, even then, what 
would one listen for? I decided that volume must be 
measured and, after some thinking and discussion with 
Dr. MacAdam, I concluded that volume consistency 
across different frequencies, defined here as octaves, 
would be the deciding factor. Using octaves to deter-
mine the frequencies was logical because of the per-
fect nature of octaves. A note that is an octave higher 
than another has exactly twice the frequency of the 
lower note, which means the wave patterns of the 
sound are identical except that the higher note has 
half the wavelength of the lower. The frequencies used 
in this study ranged from 65Hz to 2093Hz, with each 
successive note having twice the frequency of the pre-
vious one. Similar wave patterns are important in 
acoustical testing so that there is minimal difference 
in the reaction of the hall to the sound. Thus, the best 
seat could be defined as the seat with the most con-
sistent volume across the range of six octaves. 
The testing itself required a keyboard, something 
to measure the sound level, and an assistant. The use 
of a non-touch-sensitive keyboard was important be-
cause it eliminated the human variable of how loud 
one played at a particular moment. I obtained a seat-
ing chart of the Hall and selected twelve evenly spaced 
seats for measurement (Figure 1). I planned to have 
someone play the first octave on the keyboard while I 
sat in the seat and measured the sound level using a 
digital sound level meter. After recording the mea-
surement, I would give a signal to stop playing and 
move on to the next oc-
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Director of UK's Singletary Center for the Arts, who was enthusiastic 
and supportive of my endeavor. She personally gave me a short tour and 
an explanation of some of the specific acoustical tendencies of the Con-
cert Hall, and she provided me a wealth of information about the archi-
tect and his philosophies. After I spoke with her, she referred me to Chris 
Musinski, the Singletary Center Assistant Production Director, to work 
out the details of the actual experiment. He told me we would be able to 
lower speakers from the proscenium arch to stage level in order to repre-
sent better the projection of a stage performer. He also explained to me 
some of the tendencies of the hall, including the dead zone of the corner 
seats in the very back of the Hall. We then agreed on a date for the actual 
testing. 
Once the testing began I was surprised at how fast it went. In an 
attempt to ensure consistency and accuracy, I held the sound-level meter 
at ear height each time. However, due to time constraints, I was only 
able to do two complete measurements. The combined results are shown 
in Table 1. While the data may seem varied and inconsistent, one should 
understand that a difference of 3 dB (decibels) is simply a doubling of 
sound energy, which is perceived as only a small change by the average 
person. A difference of 10 dB, however, is a ten-fold increase in sound 
energy, equivalent to more than three successive doublings, and is a 
quite significant increase in volume. It is also important to realize when 
looking at the data that the individual values, as recorded in Table 1, are 
unimportant. The ultimate goal of this experiment was not to record 
volumes, but to compare the consistency or variations of volume. 
The largest difficulty of the project thus far came at this point: what 
to do with these numbers? After much thought and discussion with Dr. 
MacAdam, the first and most obvious step was to average the two trials 
together to come up with a single volume for each seat in each octave. 
To account for the possibility that my keyboard or the sound system was 
unusually loud or soft in any octave, I then averaged all the volumes 
throughout the Hall in a particular octave together, resulting in six differ-
ent averages. I compared the volume level at each seat against the vol-
ume level averaged over all seats for that octave, and this gave me the 
amount each seat differed from the average for each octave (Table 2) . 
The final step was to compute the range of the numbers for each 
seat, with the smallest range signifying the seat with the volumes most 
consistently equal across all given octaves (Figure 1 and Table 2) . Based 
on the data collected, it would appear there is an arc running diagonally 
tave after the previous 
note had stopped reso-
nating . This would be 
repeated until all six oc-
taves had been mea-
sured, and then I would 
move to the next seat 
and start the process 
over again. 
Table 1: Sound level (dB), average of two measurements, at selected seats in six octaves. 
Having decided 
what to do, I had to ob-
tain permission to use 
the Concert Hall. I spoke 











































Octave 3 Avg. Octave 4 Avg. Octave 5 Avg. 
83.1 80.4 79.9 
86.4 84 .4 82.1 
81.5 76.7 75.4 
80.9 76.6 74.6 
76.8 74.5 74.1 
81.4 79.0 75.2 
81.9 79.5 76.9 
83.8 73.8 74.9 
82.3 77.9 76.1 
83.1 77.2 77.3 
84.2 78.5 76.2 
86.9 74.9 76.3 
82.7 77.8 76.5 
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from the back left to the front right of the auditorium, while looking out 
from the stage, which would best be avoided. At nearly all the seats 
around this arc, the highest frequency proves to be a problem, appearing 
as either the upper or lower extreme. Of the twelve seats I chose to test, 
the results showed that seat E-40 proved to have the most consistent 
volume across all octaves. To take it one step further, I also computed 
the range after eliminating the octave with the most extreme difference, 
which still showed seat E-40 to be the best. 
I found these results to be quite surprising, and I think several con-
siderations should be brought up at this point. First, the Concert Hall 
seats just under 1,500 people, and only twelve seats were chosen for this 
experiment. Because of such limited sampling, it must be understood 
that seat E-40 is only the best of these twelve, not necessarily the best in 
the Hall. Another point to consider is the use of a keyboard. The sound 
patterns produced by a keyboard playing a single note will certainly not 
represent the myriad of sound patterns produced by an orchestra, band, 
or any other group performing in Singletary. Also, the Hall was empty 
while tllis project was being completed. In an actual concert, when most 
seats are likely to be filled, the bodies in the chairs act 
as sound absorbers, changing the overall sound pat-
terns. Thus, it is entirely possible that, even when 
using the same criteria, the "best seat" would change 
based on the instrumentation of the performing en-
semble and the level of audience attendance. How-
ever, I believe this project will have practical value. I 
have completed a task whose conclusions can be used, 
even if only to serve as a general guide. There is a 
great satisfaction in following a task from beginning 
to end, and I feel fortunate to have been able to do so 
with sometlling with both practicality and applica-
tion in my field of study. 
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Figure 1: The 12 seats in the SCFA Concert 
Hall selected for this project are marked by 
circles, with the larger circle indicating E-40, 
the "best seat" found in the study. The arc 
marks the general region in which measured 
sound levels were least uniform over the 
range of octaves. 
Thble 2: Col. 1-7, sound level variations (dB) at selected seats for each octave, relative to the average over all selected 
seats. Col. 8-9, total range of sound level variation (dB) over all octaves at selected seats. 
Seat Octave I Octave 2 Octave 3 Octave 4 Octave 5 Octave 6 Range Range without 
Extreme 
A-29 2.3 3.5 0.4 2.6 3.3 0.8 3.08* 2.4 
BB-20 4.6 2.1 3.7 6.6 5.6 1.5 5.1 4.0 
D-14 4.0 -3.4 -1 .2 -1 .1 -1.1 -3.5 7.5 2.4 
E-40 -3.0 -1.0 -1.8 -1 .2 
-2.0 -1.6 1.92* 0.95* 
K-1 -1.9 -1.9 
-5.9 -3.3 -2.5 -2.9 4.0 1.39* 
K-39 -0.9 -2. 1 
-1.3 1.2 -1.4 3.1 5.2 3.4 
N-20 -2.4 
-2.6 -0.8 1.7 0.3 4.5 7.1 4.3 
0 -55 2.0 -0.3 1.1 -4.0 
-1.7 0.4 5.9 3.7 
V-11 -1.7 -1.7 
-0.4 0.1 -0.5 4.2 5.9 1.84* 
V-26 1.2 2.0 0.4 -0.6 0.7 -1.9 3.86* 3.0 
W-39 -0.5 3.0 1.5 0.7 -0.3 
-4 .8 7.8 3.5 
Y-55 -3.6 2.5 4.2 -2.9 -0.3 0.1 7.8 6.1 
A terisks mark the smallest ranges. E-40 is the "best seat" of the twelve tested. 
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